This research evaluated the amount of greenhouse gas (GHGs) emissions from wastewater of the central wastewater treatment system at Mahidol University, Salaya campus, during the in years 2009-2012 by comparing two treatment systems: an oxidation pond and an extended aeration activated sludge. Researchers used the equation from the guidelines of the clean development mechanism (CDM) compares with the equation from carbon footprint for organizations (CPO). In addition, this research also studied the potential of biogas production to estimate the amount of GHGs that can be reduced when biogas technology is applied. The result showed that the oxidation pond caused more methane emission than the extended aeration activated sludge system. GHGs emissions from wastewater using CDM method were lower than the one used by Intergovernmental Panel on Climate Change: IPCC (2006) . This difference was due to IPCC method guidelines including the calculation of nitrous oxide emissions, which has a global warming potential (GWP) several times higher than CH 4 . Furthermore, concerning the potential to produce biogas from, wastewater from the aeration pond caused the maximum release of methane, while wastewater before entering to system caused minimal emissions due to the decomposition of organic substances occurring in a short time.
Although greenhouse gases (GHGs) occur naturally in the atmosphere, human activities can change their atmospheric concentrations [1] . Since 1800, the atmospheric concentration of carbon dioxide (CO 2 ), methane (CH 4 ), and nitrous oxide (N 2 O) have increased approximately 30, 145, and 15%, respectively [2] . Wastewater treatment plants (WWTPs) produce CO 2 , CH 4 , and N 2 O during the treatment processes and CO 2 from the energy demand of the plant [3] .
Only a few quantitative data exist regarding to the emissions of GHGs in WWTPs at universities. Therefore it is important to collect GHGs emission data and calculate the emission factors accurately for a better quantification and further technical assessments of mitigation options.
The present research evaluates the amount of GHGs arising from wastewater of both university central wastewater treatment systems: an oxidation pond and an extended aeration activated sludge system. To that aim, researchers used the equation from the guidelines of the Clean Development Mechanism (CDM) compares with the approach of the Carbon Footprint for Organizations (CPO). In addition, we investigate the potential of biogas production from university wastewater in order to estimate the amount of GHGs that can be reduced when biogas technology is applied as GHGs mitigation alternative. This study will encourage the sustainable environmental management of the university, particularly concerning global warming issues and .
Methodology

Study Area
Oxidation Pond, Mahidol University, Salaya, has been using an oxidation pond for natural wastewater treatment since 1981. This system was designed to handle sewage derives from septic tanks from buildings within the university as illustrated in Fig. 1(a) .
Extended Aeration Activated Sludge System. The university has a new wastewater system, near completion, which consists of an equalizing tank, a grit chamber, two aeration tanks, two sedimentation tanks and a sludge dewatering unit ( Fig.1(b) ). The area of this central wastewater treatment plant is of approximately 3,200 square meters and supports wastewater flow rates of about 3,000 cubic meters / day. 
Amount of GHGs emissions under the Clean Development Mechanisms
This study used AMS-III.H.:Methane recovery in wastewater treatment -version16 [4] ) to determine the amount of GHGs emissions. GHGs emissions were estimated by using only part of the wastewater treatment system and the decomposition of organic carbon in the treated wastewater, which were afterwards released into the canal surrounding the campus. GHGs emissions from energy consumption and sludge treatment were not taken into account for analysis due to insufficient data.
Amount of GHGs emissions using Carbon Footprint for Organization approach
To calculate the amount of GHGs generated from wastewater treatment process, we used the formula developed by Intergovernmental Panel on Climate Change (IPCC) (2006): Waste Water Treatment and Discharge [5] . The total quantity was calculated by summing methane and nitrous oxide emissions.
Testing the potential of biogas production
Wastewater samples from the university central wastewater treatment system were pre-tested in Experimental set CH 4 . Then, samples were tested for biogas production by anaerobic digestion process until a steady state was reached (i.e. the volume at which biogas did not increase or the COD removal efficiency was constant). The amount of biogas was determined by the water displacement method.
Results and discussion
Total methane emission from the university central wastewater treatment systems that used CDM methodology
Results are presented in Table 1 . Sewage handling of Mahidol University generated methane at maximum quantity in 2009, followed by years 2010, 2012, and 2011. Important variables affecting methane emission calculated by means of the CDM were COD inflow and COD removal efficiency, which were significantly higher in 2009 than in the other years, while the amount of wastewater entering the system had similar quantities. Predicted methane emission from the extended aeration activated sludge is shown in Table 2 . The estimated values were highly unusual due to COD inflow and COD removal efficiency, defined as the maximum capacity of the system. However, when using only data of year 2011, methane emission was less than values from the oxidation pond.
Methane emission from degradable organic carbon in treated wastewater discharged into natural water sources are shown in Table 3 . Obtained are in contrast with the calculated methane emissions from wastewater treatment. In 2011, the maximum amount of the methane was released, followed by 2010, 2009, and 2012. The variable that most affected calculations was the COD of treated wastewater discharged. 
Total methane and nitrous oxide emissions from the university central wastewater treatment system that using IPCC (2006) guidelines.
Results on methane emissions are presented in Table 4 and 5. It was discovered that methane emission from sewage treatment by using IPCC (2006) Nitrous oxide emissions from wastewater effluent are presented in Table 6 . Population was the major factor affecting the emission of nitrous oxide from wastewater. Nitrous oxide emission increased when population increased. 
Study results of potential of biogas production f
Results of the potential to produce biogas from wastewater are shown in Table 7 . Wastewater from aeration pond released the maximum quantity of methane due to aeration by turbine causes methane being dissolved in wastewater releases into the atmosphere, while wastewater before entering to the system caused minimal emissions due to the decomposition of organic substances occurring in a short time. 
Conclusion
Calculated results of GHGs emissions from wastewater using CDM method were lower than the IPCC (2006) guidelines because the IPCC method includes the calculation of nitrous oxide emissions, which has a several timer higher global warming potential (GWP) than CH 4 . Study results were comprehensive and appropriate for calculating the amount of GHGs generated by wastewater of the university.
When start the Extended Aeration Activated Sludge system, it will cause the release of CH 4 decreased due to MCF value lower than Oxidation Pond. While Oxidation Pond can cause the least amount of GHGs if have the application of biogas technology for methane production which can be very useful.
In the Fourth Assessment Report of IPCC (2007), the GWP of methane and nitrous oxide equaled 25 and 298, respectively. These values do not match the ones we used in this research: 21 and 310 respectively. Thus, the calculation of GHGs emissions from wastewater should use the most recent GWP values, defined by the IPCC.
